Effect of deletion mutations on the function of CFTR chloride channels.
Mutations in the gene for the cystic fibrosis transmembrane conductance regulator (CFTR) cause cystic fibrosis (CF). CFTR contains two membrane-spanning domains (MSDs), two nucleotide-binding domains (NBDs), and a unique R domain; CFTR functions as a Cl- channel regulated by phosphorylation and by nucleoside triphosphates. To study the domains of CFTR involved in Cl- channel function, we expressed mutants lacking various domains and assayed cAMP-stimulated Cl- channel activity using the halide-sensitive fluorophore, 6-methoxy-N-(3'-sulfopropyl)-quinolinium. We previously reported that deletion of part of the R domain (residues 708-835) produced Cl- channels that were constitutively open. Here we show that more extensive deletions within the R domain failed to generate functional CFTR Cl- channels; the portion of protein that could be deleted without destroying function corresponds to sequences that are not conserved in related proteins. In contrast, when we deleted the two NBDs (either alone, together, or in combination with the R domain), we did not observe functional Cl- channels. CFTR has a unique carboxyl terminus that is conserved across species. However, truncation of the carboxyl terminus (up to, but not including, NBD2) produced a regulated anion permeability similar to that of wild-type CFTR, suggesting that this region is not essential for channel function. Expression of two CF-associated nonsense mutants (G542X and W1316X) also failed to generate functional CFTR Cl- channels. These results help define structure:function relationships for CFTR and identify the domains that are required for Cl- channel function.